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Transformer-core saturation can cause inexplicable fuse 
blowing, system crashes, or premature switch and relay fail- 
ure. When a core saturates, it loses its inductive characteris- 
tics; primary winding current can then reach extremely high 
va!ues for several ac cycles. Turning on a transformer may 
seem fundamental, but in some power-supply designs and 
control applications, it can be a game of Russian roulette. 
Because transformers remain polarized when turned off. sat- 
uration occurrence is a function of the polarity and phase 
angle of the ac cycle when you switch the circuit on and off. 
The smart-switch circuit in Figure 1 eliminates saturation, 
improves relay reliability, and provides a tool for determin- 
ing transformer and relay ptTfurmaiu v. 

The circuit goes beyond typical t ( ^nfl,l;Llr;^tions using zero- 
crossing or peak-switching relays, by vs'rng the polarity of 
the ac cycle, known phase angles, and soft-starting tech- 
niques. Figure 2 shows that the primary turn-on current of 
a 220- VA transformer can be disastrous when you use a zero- 
crossing relay. Trace Rl shows 46A peak with a saturated 



core. Trace 1 shows only a few amps with use of the 
switch circuit. This large difference In current demon 
the value of the smart switch in controlling transformer 
magnetization. Switching on during a positive half cycle 
off during a negative half cycle or vice versa prevente 
core saturation. 

Peak switching of the ac voltage during turn-on and 
further reduces the susceptibility to core saturation, regard- 
less of ac polarity. This reduction is an important considera- 
tion in the event of an uncontrolled power outage. Figure 3, 
trace R, shows the primary current with peak and same- 
polarity switching. The vertical scale In Figures 2 and 3 is 
lOA per division, and Trace 2 Is the relay control voltage. The 
primary current in Figure 3 causes some core saturation 
(note that the current is not bipolar), but the saturation is 
much lower than that iu Figure 2. Trace 1 shows the reduced 
primary current with the use of peak and opposite-polarity 
switching. Note that transformer design? vajy widely; sosna 
may favor particular phase angles. 
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Figure 1 
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A p.C-controll«d smart !^tciippevcats transformer-core saturatioti, thus averting system crashes and prolonging the We of 
pot(v«r-sti|i^jf relays. 
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Inrush current from power-supply filter capacitors is also 
an important design consideration. By using a resistor, an 
inrush device, or an inductive input filter in the secondary 
winding, you can reduce this inrush surge. Another solution 
is to soft-start the transformer by u.sing a resistor in the pri- 
mary to limit inrush and saturation currents to an accept- 
aWe level. After a brief delay, a second solid-state relay shunts 
the resistor. The Microchip 12C508 [aC uses its internal 4- 
MHz RC oscillator for ail timing. The chip is simple, inex- 
pensive, reliable, and well-suited for this application. For 
wide temperature variations, you can obtain more Eiccutate 



timing by using a 32-IcHz crystal. You can download Listing 
1, the source code for the |j-C's operation, from EDN's Web 
site www.ednmag.com. At the registered-user area, go irt 
the Software Center to download the file from DI-Sl- 
#2170. 

You can use either zero-crossing or random relays, but the 
random type works better for transformers. Set Pin 4 high for 
zero<rossing relays and low for random-tum-on relays. The 
HCPL-3760 optocoupler determines the polarity and phase 
of the ac hne. The coupler is configured as a near-zero detec- 
tor. Its output is set to switch nn at .S()\- ac and off at 25V ac. 
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Listing 1— Source code for transformer solid-state-relay controller 



ROBERT LINDSEY 

IfJOE! KENN'Y AVE, CH**«^KJPl, IL ClS^l 

217 384-5900 

This IS a smart ij-^itch lior controlling a solid state leiay that is used 
tor controlling the AC prlnary power to d large transformer. Ttanatorrat;rE 
are noted tor having ext;reineLy high inrush currents due to momentacy 
core sdturatioa i£ th-c poldtization in corrffct . This version has an optional 
soft start switch that uses a resistor in thv pripiary to limit current 
trow the power supply filter capacitors and core saturation. The primary 
tunction of the codo is to always turri the tr^nstonner on on tht- po.sitiue 
halt" of the dc cycle and turn it off on the negative hi^if of the ac cycLu. 
Rdnd^im Lurn en siglid re-ltf^f KJL^s ^eouelriy relays can b« used. 



tttte "Triin«foiria«x a^BH ^csiftwO-MH* 

iiat p^icl2C508, iifp^fffe ie*wfe^ Si*tf^ 'P'^m 



— %m *W!£5:mM •-™ 



cb'ock H '0007 ' 

CO' NTl ; test counter 

■IQUMlZ jt&nt courvter 



PORT PIN ASSIGN'MENTS 



-define S3R1 GPIO, ,-pin 7, output, SS relay I 

iQ^tined SSR2 GPIO, 1 ,-pin 6, output, SS ielay 2 

((itfxne AC GPIO, 2 ;pin 5, input, AC polarity, HCPL-3760 

tJatine TE GPIO, 3 ;pin 4, input, transtormer enable 

Ictefine BLEEDER GPIO, 4 ;pin 3, output, bleeder resistor 



org 

fSovwi OSCC*L ;int RC cscilidtor calibration v*lue 
iBQvlw B'lQOOOltQ' f'^eke-up off, pull-upy on, CO iiW: clK, 



bcf SPSl ;*^t Fife l«a,«h low 
hat a'SR2 ^in f LaEcti law 

tris CPTO f/O- pin fWctiiStes 

bet SSR?. ;.ysr2 is off 

tJsf BLEKDER ;bleedet is on 

bf. a.? TE ;is TE enable signal high 

goto rxO ;no, so keep checking 

movlv; 50 ; yes, make sure it was not a glitch 

niov-wt CCUNT2 

Cwiii vJjit ;w,ait 50ni« 

bt TE ;i.<; TE envible still high 

.o TXO ;no, it w/is <3 glitch, )(eep waiting 

bcK BLSF-DER /ys;;, turn off bleader rusistor 

call wait ; 

woviw 4 ;iaait4 Eawa w^tte ^ ml^^s mt9i^x>^ 

cali ^HjCtri® Car <?T®ajtitif*i| *f JiC yiile«-9e 

c*U wait 

call wa:it j(#i^i9N 8N*W' *t#Jpi&' ial^i 1^ ^-Aftsnsi 



movlw 4 ; Load C05JNT2 with ^zns wait -afSfcr gelo croMisn 

call ACtrig ;wwit tor i-gH-rra cefesaiRg i^tfgi 

call wait 

bsf SSR2 ; turn on SS relay 2 (main) 



; TURN OFF ■ 

; turn off tran.^ former at neqati<fjfe gii^sfc 

TXl bsf aSRl ;EBrl x-s on 
bsf SSR2 ;3sr2 is on 
bcf BLEEDER ;bleeder i:; off 
btfsG TE ;iB TE c'njblc s iqnal low 
goto TXl ;no, it is still high, so cis»s>iii^ 

Wf'ilw ^ ;yaB/ aake tute it *#*S not « i^iitsti 

^iBll ««it ;N9iE ^Om 

hrfffC' TB Jiff Tfi •aabl* stlli l** 

goto tXl ;rK>, it ws* a flitcfc., krvfp «ii?ipis 

moYlvf 12 ;ye"s, load XZwiS wait fttt«r z«ro droSainf 
btfjic 2R ;ui;ing zero crossing SS iel.3y? 2R"1? 
novlv/ 4 ;yey, load 4in5 wait after 7.er<k crossing 
movwt G0UHT2 ;which will be n«ar AC p«*k 
call ACtrig ;waiC for +zero craaainig Qf AC v-gfiltsgifc. 
call wait 

bcf SSB2 ;turn oft solid stat& relay 2 
clrf C0UNT2 ;l/4 second delay 
call vJsit ; 

movlvj 12 ; load 12m5 wait after zero crossing 
bt t: sc ; uaing zc'ro crossing S3 n^iay? ZR -1 ? 

raovlw -1 ;yes, load -Ists wait atttir 2ero cro;-ising 

movwf C0tJKT2 ;which will be ntjdr AC pea^c 

GJil act;rlig jwait fo;r *«(?to erogsin^ si ^ !/^e*f# 

C#iil W9it 

l£>cf s^i ftucTi «ff Si t«Uy i 
oil:*"' U5ta4TJ iU* fM^cstf saHay^ 

call wait ; 

baf BLEEDER ;t:urn ^ kltt*«£Rr fwa^lSEor 

clrf C0UMT2 ; 1/S ffflTCfiiftrl dpUy fox power Sbpplj^ i9©%b 

call wait ; 

goto asaifi fojr turn-on 



, _ TRIGGER - — 

;w:8ii foe a :ipw to tilgti trana'^tioif* frrss rri« mcpl-J74^ t^to-sci^ltfr 

ACtrig; 

ucl bttsc AC ,-ia AC input ^'ignal low 
goto acl ;no, it is high, lct;>^p waiting until igw- 
nop ; yes , it is low cww 

acO btfss AC ;is AC input aign^l high 
goto acO ;no, it i* iew, i^««c> '!««i:tidig i^,U.i hJJ^ 
nop ;y93, it A# «^ 

return 



.. ^ j^j^ DS-AY 

;entwr with riy.ili--»igcDnd valiftsi sr GCUNTl rv^istttr 
;«i3rits **ith C0DMT2 *nd dMl^ 

HftlCl clrf CtSUST^ 
w«it2 nop 

dccfs2 rnoSfTl,! 

goto w«it;2 

decfsz CCXM?fe.| 

goto w*tcl 

return 
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You have the idea. 
dSft^S has the tool. 

for ECU design. 

Developing vehicle electronics. 

With riptd ojntrol prototyping and hacdware-in-the-loop 
simularlbfl -tin^ wttti orre tod. 

Speeding-up function development. 

With ^MTLAB/Sinnulinl<® and rwodei-based design. 

Testing ele^onk cohtm! units. ' 

With the help of complete test benches by dSPACB. 
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For mtifs Rftformwion: 
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Using only a zero-crossing relay rcsulb in core saturation and 
a disastrous A6A peak ciHTtent in th« transformer's primary 
windi|^ 



Figure 3 
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The smart-switch circuit in Figure 1 greatly reduces core sat- 
uration, resulting In well-l>ehaved primary current. Trace Rl 
results from peak and same-polarity switching; trace T repre> 
sents peak and o|^slte-polar!ty switching. 

One internal diode in the optocoupler rectifies the ac signal 
to ijidicate the positive half cycle. The |xC has two solld- 
state-relay oiitpuls: SSkl and SSR2. When the Transformer 
Enable inpul; goe.s liigii, the |xC waits 250 msec, detects the 
next positive edj;e from tlie optocoupler, waits 12 msec, and 
then turns off SSRl. SSR2 has a 250-msec delay from SSRl 
and operates as a last-on, first-off output to shunt a soft-start 
resistor. Pin 3 is an optional output for a power-supply bleed- 
er switch or a status indicator. (DI #2170) 
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